
Stepped Pressure Equilibrium Code

coords

Calculates coordinate transformation, and metric elements and curvatures if required, using FFTs.

[called by: global, bnorml, lforce, dforce, curent, jo00aa, metrix, sc00aa.] [calls: .]
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1.1 coordinates

1. We work in coordinates, (s, θ, ζ), which are be defined inversely via a transformation to Cartesian coordinates, (x, y, z).

2. The toroidal angle, ζ, is identical to the cylindrical angle, ζ ≡ φ.

3. The radial coordinate, s, is not a global variable: it only needs to be defined in each volume, and in each volume s ∈ [−1, 1].

4. The choice of poloidal angle, θ, does not affect the following.

1.2 geometry

1. The geometry of the “ideal”-interfaces, xv(θ, ζ), is given by R(θ, ζ) and Z(θ, ζ) as follows:

• Igeometry=1 : Cartesian

x ≡ θ î + ζ ĵ + R k̂ (1)

• Igeometry=2 : Cylindrical

x = R cos θ î + R sin θ ĵ + ζ k̂ (2)

• Igeometry=3 : Toroidal

x ≡ R r̂ + Z k̂ (3)

where r̂ ≡ cos φ î + sinφ ĵ and φ̂ ≡ − sin φ î + cos φ ĵ.

2. The geometry of the ideal interfaces is given as Fourier summation: e.g., for stellarator-symmetry

Rv(θ, ζ) ≡
∑

j

Rj,v cos αj , (4)

Zv(θ, ζ) ≡
∑

j

Zj,v sin αj , (5)

where αj ≡ mjθ − njζ.

1.3 interpolation between interfaces

1. The “coordinate” functions, R(s, θ, ζ) and Z(s, θ, ζ), are constructed by radially interpolating the Fourier representations of the

ideal-interfaces.

2. The v-th volume is bounded by xv−1 and xv.

3. In each annular volume, the coordinates are constructed by linear interpolation:

R(s, θ, ζ) ≡
∑

j

[

(1 − s)

2
Rj,v−1 +

(1 + s)

2
Rj,v

]

cos αj ,

Z(s, θ, ζ) ≡
∑

j

[

(1 − s)

2
Zj,v−1 +

(1 + s)

2
Zj,v

]

sinαj ,
(6)
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1.3.1 coordinate singularity: regularized extrapolation

1. For cylindrical or toroidal geometry, in the innermost, “simple-torus” volume, the coordinates are constructed by an interpolation

that “encourages” the interpolated coordinate surfaces to not intersect.

2. Introduce s̄ ≡ (s + 1)/2, so that in each volume s̄ ∈ [0, 1], then

Rj(s) = Rj,0 + (Rj,1 − Rj,0)fj , (7)

Zj(s) = Zj,0 + (Zj,1 − Zj,0)fj , (8)

where, in toroidal geometry,

fj ≡
{

s̄ , for mj = 0,

s̄mj/2 , otherwise.
(9)

3. Note: The location of the coordinate axis, i.e. the Rj,0 and Zj,0, is set in the coordinate “packing” and “unpacking” routine,

packxi.

1.4 Jacobian

1. The coordinate Jacobian (and some other metric information) is given by

• Igeometry=1 : Cartesian

eθ × eζ = −Rθ î − Rζ ĵ + k̂ (10)

ξ · eθ × eζ = δR (11)
√

g = Rs (12)

• Igeometry=2 : Cylindrical

eθ × eζ = (Rθ sin θ + R cos θ) î + (R sin θ − Rθ cos θ) ĵ − RRζ k̂ (13)

ξ · eθ × eζ = δR R (14)
√

g = Rs R (15)

• Igeometry=3 : Toroidal

eθ × eζ = −R Zθ r̂ + (Zθ Rζ − Rθ Zζ)φ̂ + R Rθ ẑ (16)

ξ · eθ × eζ = R(δZ Rθ − δR Zθ) (17)
√

g = R(Zs Rθ − Rs Zθ) (18)

1.4.1 cylindrical metrics

1. The cylindrical metrics and Jacobian are

√
g = RsR, gss = RsRs, gsθ = RsRθ, gsζ = RsRζ , gθθ = RθRθ + R2, gθζ = RθRζ , gζζ = RζRζ + 1 (19)

1.5 logical control

1. The logical control is provided by Lcurvature as follows:

Lcurvature=0 : only the coordinate transformation is computed, i.e. only R and Z are calculated

e.g. global

Lcurvature=1 : the Jacobian,
√

g, and “lower” metrics, gµ,ν , are calculated

e.g. bnorml, lforce, curent, metrix, sc00aa

Lcurvature=2 : the “curvature” terms are calculated, by which I mean the second derivatives of the position vector; this

information is required for computing the current, j = ∇×∇× A

e.g. jo00aa

Lcurvature=3 : the derivative of the gµ,ν/
√

g w.r.t. the interface boundary geometry is calculated

e.g. metrix, curent

Lcurvature=4 : the derivative of the gµ,ν w.r.t. the interface boundary geometry is calculated

e.g. dforce
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